
PROCESS FOR ASSEMBLING AT LEAST TWO CONSTITUENT METAL 
PARTS IN ORDER TO CREATE A STRUCTURE 

Object of the invention 

[0001] The present invention relates to a process for 
assembling at least two metal parts in order to create a 
structure, at least one of the two parts having a very 
high elastic limit, and to its use for producing (girder) 
structures of complex form from simple parts, that do not 
require large deformations. 

Technical background and prior art 

[0002] In the field of mechanical construction and in 

particular in the automotive field, the objective is to 
subs t ant ial'ly reduce the weight of st^i&uctures by using the 
least possible amount of metal. These structures, for 
example motor vehicle chassis, are obtained by assembling 
often complex components, performed by drawing. 

[0003] In order to reduce the thickness of the metal 

used to produce these structures, while at the same time 
conserving their mechanical properties, steels with high 
mechanical characteristics are to be used. Grades of low 
alloy carbon steels with high mechanical characteristics 
are nowadays available, but are often associated with a 
very limited formability by deformation. 

[0004] To clarify matters, we will differentiate these 

steels according to their elastic limit (EL) in the 
remainder of the description: 
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- mild steels: EL < 250 MPa; 

- steels with a high elastic limit (HEL) : 

250 MPa < EL < 600 MPa; 

- steels with a very high elastic limit (VHEL) : 

600 MPa < EL < 1000 MPa; 

- steels with an ultra-high elastic limit (UHEL) : 

1000 MPa < EL < 1500 MPa. 
[0005] Typically, the steels to which this patent 

application is related have an elastic limit of between 
400 and 1500 MPa. These steels are produced by bulk 
metallurgical processes that are known per se, which allow 
to offer steels at a cost price close to that of standard 
carbon steels. The advantage then lies in the fact that an 
appreciable lightening of the structure can be obtained. 
However, on account of their low formability and a 
sometimes poor weldability, these steels pose specific 
problems in terms of implementation, and in particular of 
assembly. 

[0006] More particularly, the constituent parts of a 
same structure often have complex forms obtained by 
drawing processes which involve large deformations, and 
are thus incompatible with the low formability 
characteristics of these steels. 

[0007] The process of mechanical hem crimping or the 
like is well known, for example for assembling parts such 
as ladders in the field of metal joinery. Thus, document 
US-A-4 356 888 describes a structural joint for two parts, 
preferably made of malleable and deformable metal, such as 
aluminium. According to one particular embodiment, the 
first part has an elongated tongue and a short tongue. 
These two tongues define a cavity capable of receiving the 
second part at the level of a curved tab on a support such 
as a wire. When the two parts are pressed together using a 
suitable tool, the tongues and the tab are deformed and 
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intez^^enetrate . The elongated tongue forms at least 
partially a circular loop around the tab, thus making any- 
subsequent stripping impossible. 

[0008] In the same field of application, document 
US-A-3 854 185 proposes a process for forming a structural 
joint between two rigid parts, one having a flange with a 
protruding end on one face, and the other having an 
essentially circular groove. By pressing the two pieces 
against one another with sufficient force, the flange 
penetrates into the groove while becoming deformed. More 
specifically, the assembly is performed by securely 
fastening the flange to the groove, the flange forming a 
winding in said groove . 

[0009] Document DE-C-385 642 proposes a machine for 
crimp assembling two plate metal parts in order to form a 
hollow body. 

[0010] Document FR-A-2 321 962 proposes a process for 

crimp assembling a zinc part and a lead part in order to 
solve the sealing problems which arise in the field of 
construction roofing. 

Aims of the invention 

[0011] The present invention aims to propose a process 

for assembling at least two constituent metal parts or 
components, at least one of which is made of a steel with 
a very high elastic limit associated with low formability, 
in order to produce structural components of complex form 
from simpler components which may be produced by means of 
forming operations essentially of the bending type, which 
does not involve any large deformations in the plane of 
the metal plate and is thus compatible with steels having 
high mechanical characteristics. 

[0012] Indeed, within a given family of alloys, steels 
for example, or alternatively aluminium alloys, the higher 
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the elastic limit, the lower the ductility. The level of 
the elastic limit associated with this low formability 
depends on the alloy family taken into consideration; 
thus, this limit may be from 600 to 800 MPa for steels, 
5 depending on the grade taken into consideration. Beyond 
that limit, the steels can only be draw- formed with great 

i 

difficulty: deformations in the plane of the plate metal 
by broad tension or expansion will rapidly lead to its 
breaking. The resilience also makes it very difficult to 
10 comply with the geometry of the component. On the other 

Q hand, these steels retain def ormability by bending. 

However, since the limiting bend radius is several times * 

;W the thickness, assembly by crimping is virtually 

impossible. 

15 [0013] However, these steels are of potential value for 
Q improving metal structures and in particular motor vehicle 

h: Structures. They allow to reduce the weight for equivalent 

'j"' performance or even to improve the performance for 

Q 

|1J equivalent weight. 

20 [0014] It is therefore important to be able to produce 
components in complex forms from these metals with high 
mechanical characteristics, which is the object of the . 
present invention. 

25 Main characteristic elements of the invention 

[0015] The present invention relates to a process for 
assembling at least two simple sheet metal parts, in order 
to create a structural component of open cross section, 
preferably U-shaped, or of closed cross section, at least 

30 one of said metal parts having a high or very high elastic 
limit and low formability, characterized in that: 
- the metal parts are formed by at least one bending 
process; 
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- the metal parts are arranged relative to each other in a 
junction section; 

- the metal parts are assembled by crimping at the hem (4) 
along the junction section of said parts. 

5 [0016] At least one of the parts is preferably made of 
a steel with an elastic limit of more than 400 MPa or of 
an aluminium alloy with an elastic limit of more than 200 
MPa. 

[0017] Advantageously, the ratio of the hem radius to 
Li 10 the sum of the thicknesses of the various parts one wishes 

to assemble along the junction section is between 2 and 
H 10. 

f\l [0018] Furthermore, the ratio of the difference between 

the radius of the hem and the thickness of the outermost 

"'-si-- 

15 metal with the thickness of the innermost metal is 

iiji 

i^r advantageously greater than 2. 

P [0019] The nature or thickness of the various parts may 

not be identical for all the parts. 
= [0020] The process is also characterized in that the 

20 junction is not necessarily rectilinear but may have a 

local curvature, the radius of curvature preferably being 

greater than five external hem radii. 

[0021] The assembly process according to the invention 
is also characterized in that, after the hem crimping 

25 operation, blocking of said hem with respect to the 
sliding of its parts along the junction section is 
achieved by bonding, indentation or imbrication. 
[0022] The present invention also . relates to the 
product obtained by the assembly process described above, 

30 characterized in that it is in the form of at least two 
metal parts having a hem along a junction section. 
[0023] In a first preferred embodiment of the 

invention, the product is in the form of a two-web I- 
shaped girder, obtained by assembling four constituent 
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parts connected by four hems along the junction section of 
the four parts taken in pairs, 

[0024] In a second preferred embodiment of the 
invention, the product results from the assembly of two 
5 parts by two hems so as to form a closed cross section, at 
least one of the two parts having a U-shaped cross 
section. 

[0025] The process of the invention thus allows to 
obtain structural components of complex form from sheet 
, , 10 metal materials having, on the one hand, a high to very 
Qj high elastic limit, and, on the other hand, limited 

formability. The latter is not a constraint as regards 
"ff preparatory operations for the assembly process, such as 

iJl bending, involving little deformation in the plane of the 

'"^'^ 15 metal plate. This process thus allows to obtain components 

5: 

C3^ with a geometry which is equivalent to that obtained by 

1=1': 

p: drawing. Furthermore, hem assembling is compatible with 

the low formability of these steels, the working radius 
ilJi being several times the thickness, which is not the case 

20 for simple crimping, for example. 

[0026] Another advantage of the invention is that the 
process of hem assembling or hem crimping, which is purely 
mechanical, allows to set aside the possible problems of 
weldability of steels with high mechanical 

25 characteristics . 

[0027] An additional advantage of the invention is that 
it proposes a process for producing reinforced structural 
components, in particular in the motor vehicle industry. 
[0028] Finally, the process of the invention, which 

30 uses a simple press for the assembly, is a cost-efficient 
process . 
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Brief description of the drawings 

[0029] Figures 1 describe a conventionally produced 
structure of U-shaped geometry. 

[0030] Figures 2 show the simple constituent parts for 
5 creating the same type of structure as that shown in 
Figures 1 according to the assembly process of the present 
invention. 

[0031] Figures 3 show a tool for producing a structure 

as described in Figure 2 . 
10 [0032] Figure 4 shows assembly orientation variants for 
a U-shaped structure. 

[0033] Figures 5 show a more complex embodiment of a 
structure of closed cross section obtained according to 
the assembly process of the present invention. 
15 [0034] Figure 6 shows the tool used to produce a closed 
structure as shown in Figures 5 . 

[0035] Figure 7 shows another embodiment of a structure 

in the form of a two-web I-beam girder. 

[0036] Figure 8 shows the tool for producing and 

2 0 assembling a two- web I -shaped girder. 

[0037] Figure 9 shows a component of shield crossbeam 

type. 

[0038] Figure 10 shows a component of b-pillar type. 

[0039] Figure 11 shows a component with tongues at the 

25 ends to facilitate assembly. 

[0040] Figures 12 illustrate the blocking principle of 
the relative sliding of the web with respect to the flange 
in the hem assembly process, by imbrication with alternate 
cut-out spaces. Figures 12a and 12b show the two metal 

3 0 plates just before the production of the hem. 
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Detailed description of several embodiments of the 
invention 

[0041] The basic idea of the invention is to break down 
a structural component of complex form, usually made by 
5 draw- forming operations that are relatively incompatible 
with steels having high mechanical characteristics, into 
simple sub - component s , made by forming operations such as 
bending, and hem-assembled. 

[0042] The present invention will be described in 

10 greater detail by means of the enclosed figures. - 

[0 043] Figure 1 shows the usual method for producing a 
component of U-shaped geometry. Conventionally, this type 
of component is obtained by drawing using a flat metal 
plate, as diagrammatically represented in Figure la. In 

15 the context of steels with a very high elastic limit, the 
drawing of such a component poses severe problems in terms 
of controlling the resilience: the form obtained 
substantially differs from the ideal form as shown in 
Figure lb. Critical problems due to the low formability of 

20 this type of steel arise for example when the height of 
the U-shaped section substantially varies as indicated in 
Figure Ic or when, with the height of the section 
remaining constant, the curvature of the U-shaped girder 
shows substantial local variation (Figure Id) . 

25 [0044] The principle according to the present invention 
proposed for producing this type of component is 
illustrated in Figures 2. The component is broken down 
into simple components, the sides 1 and 2 and the bottom 3 
which are assembled by means of a hem 4. 

30 [0045] The components 1, 2 and 3 may be obtained by 
folding or by bending the edge. These forming techniques 
only involve small deformations in the plane of the metal 
plate and are compatible with steels with a very high 
elastic limit and low formability. 
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[0046] Figure 3 shows a typical tool for producing this 
type of component by means of a press. The side parts 1 or 
2 and the bottom 3 are prepared for the formation of the 
hem as indicated at 5 - These components made by means of 
simple press operations are shown in the tool described in 
Figure 3 . 

[0047] The left half -view shows the closed tool, before 
producing the hem, and the right half -view shows the tool 
once the hem has been completed. The parts 7, 7' and 9 
come to bear on the top slide of the press by means of 
springs, which are not shown, and whose compression travel 
is greater than the travel of the tools 8, 8' forming the 
hem. In the situation shown in Figure 3, the springs are 
compressed and press, by means of the parts 7 and 9, the 
components 1, 2 and 3 against the component 10 which 
matches their form and rests on the press table. When the 
press slide comes to the end of its travel, the part 8', 
which is directly connected to it, forms the hem as 
indicated in the right-hand side of Figure 3. 
[0048] All components 1, 2 and 3 are not necessarily 
made of steel with a high elastic limit: for example, 
depending on the function of the component, it is possible 
for only the component 3 to be made of steel with a very 
high elastic limit, the steel components 1 and 2 having 
better formability and better weldability, thus allowing 
the component to be readily assembled onto the rest of the 
structure by means of assembly processes such as spot 
welding. The process also allows to adapt the thicknesses 
to the structural requirements of the component: the three 
components 1, 2 and 3 may have different thicknesses, the 
hem assembly process accepting substantially different 
thicknesses, the ratio of which is greater than two. 
[0049] Orientation variants of the hemming are shown in 
Figure 4 . 
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[0050] The process also allows to produce closed cross 
sections as indicated in Figure 5. According to Figure 5, 
the component 11 may be obtained by simple bending, a 
variation of the closed cross section being obtained by 
varying the height of the bent edges. The component 12, 
which closes the cross section, is of even simpler form. 
As a variant of this case, the component 11 may also be 
made by drawing a steel with a lower elastic limit, for 
example of less than 4 00 MPa, the component 12 being made 
of steel with a very high elastic limit and acting as 
reinforcement . 

[0051] A typical set of tools for producing this type 
of component is shown in Figure 6 . The principle is 
similar to that described in Figure 3. The parts 14, 14' 
and 15 come to bear on the top slide of the press by means 
of springs, that are not shown. 

[0052] The part 15 holds the components 10 and 11 
against the part 17-17' which rests on the lower table of 
the press. 

[0053] In the left-hand side of the figure, the 

situation before the formation of the hem is shown: the 
press slide has brought the parts 14 and 15 into contact, 
the springs being slightly compressed. The right-hand view 
shows the situation after forming the hem: the press slide 
has continued its travel and the part 16', which is 
directly connected thereto, has formed the hem, 
[0054] Another possible embodiment of a closed 
structure is based on assembling the components by means 
of four hems. A typical cross section corresponding to 
this application is shown in Figure 7. The components 22 
and 22' are hem-assembled with the components 21 and 21'. 
[0055] Figure 8 shows a set of tools for hem-assembling 

this cross section by means of a press. The components 21 
and 22 are prepared so as to form the hem as indicated at 
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23: they have received a preform which initiates the hem. 
The components are then placed in the set of tools which 
is composed of moving parts 20 and 20', 19 and 19'. These 
parts are first separated, horizontally for 20 and 20', 
and vertically for 19 and 19' . The components 21 and 21' 
are respectively placed on 19 and 19' and held by means 
that are not shown, for example a magnetic system. 
Similarly, the components 22 and 22' are placed on the 
parts 2 0 and 20' and held in the same way. All the tools 
of type 18 (18', 18'', 18''') are then in the position 
indicated for the tool 18. The tools 18 are then 
successively or simultaneously moved to form the hem and 
arrive in the position indicated by 18', 18'', 18'''. This 
type of tooling can be mounted on a press, the parts 19, 
18 and 18' being implemented by means of the top slide of 
the press: 19 is spring -mounted and its travel is limited 
by a stop, that is not shown. The part 19' rests on the 
press table and is thus fixed, the tools 18' 'and 18''' 
being set in motion by means of the bottom slide of the 
press. This type of assembly by means of a press tool 
allows to produce forms with non-permanent cross section: 
the distance between the components 21 and 21' and also 
the distance between the components 22 and 22' can vary. 
[0056] The potential applications relate to different 

types of motor vehicle structural components, for instance 
body reinforcing components (shield crossbeam) , b-pillars, 
side rail components or engine mounts. Some of these 
applications are illustrated in Figures 8 to 10. 
[0057] The technique allows to produce structures of 
complex form with steels of very low ductility by taking 
advantage of the production efficiency of the hem assembly 
process and of the reinforcement it provides to the 
structure. It also allows to form metal tongues at the 
ends of the parts, enabling these components to be readily 
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assembled onto the rest of the motor vehicle structure 
(Figure 11) - 

[0058] The hem assembly ensures very good maintenance 
of metals in the plane perpendicular to the axis of the 
hem. However, there is an appreciable risk that the 
assembled parts may slide in the axis of the hem or at 
least in the longitudinal direction, if the hem is not 
rectilinear. This drawback may be readily solved, for 
example by placing an adhesive between the two sheets of 
metal at the hem, by producing welds by local fusion or, 
preferably, by locally crushing the hem with a press tool 
comprising, for example, a V-shaped punch with a rounded 
end and a flat anvil. This operation may be performed in a 
highly efficient manner with a press: a set of tools may 
be designed to simultaneously perform the indentations, 
the indentation pitch being of the order of 5 to 10 times 
the outside diameter of the hem. 

[0059] Alternate serrated cut-outs may also be made in 
the two metal sheets in the region to be hem-assembled so 
as to ensure longitudinal blocking (Figures 12) . These 
cut-outs are made during the steps of manufacturing these 
components by press. The teeth 20 have a height that is 
less than the circumference of the hem, for example one- 
third of this circumference. The width of the teeth 20 is 
slightly less than that of the gaps 21 between the teeth. 
During the hem-assembling of the two metal sheets, the 
teeth of the plate closest to the axis of the hem are 
imbricated in the space between the teeth of the outer 
metal sheet, thus producing blocking in the axis of the 
hem. 



